Objective: To evaluate the clinical and radiological outcome of MTA in nonvital teeth with open apices. Methods: Twenty-five non-vital teeth with open apices were treated with MTA apexification procedure. Standard endodontic procedures were followed and an apical plug of at least 5 mm was created by using MTA after a calcium hydroxide intra-canal dressing for at least 1 week. Final obturation was done after 24 hours by vertical compaction technique using gutta percha. Patients were recalled at 3, 6, 9 and 12 months interval. Clinical outcome was evaluated by assessing pain, tenderness, mobility and sinus tract. Blind to the treatment record, two examiners assessed the pre-treatment and post-treatment radiographs. Each radiograph was scored with the Periapical Index (PAI) and the size of the apical lesion was measured. The presence of an apical bridge over MTA was also noted. Results: Clinically 92% success rate was found whereas radiologically absolute success rate was 84%. Before treatment the mean PAI was 3.6 and mean size of the lesion was 3.24 mm. But, after 12 months follow up, the mean PAI was 1.36 and the mean lesion size was 0.68 mm.
Introduction
The common causes for the interruption of root development are trauma and caries and the majority of injuries occur in young individuals when the root development is incomplete the apex occurs up to 3 years following eruption of the tooth 2 . When teeth with incomplete root formation suffer pulp necrosis, the root development ceases and apical closure cannot be achieved. Root canal treatment at this time is a significant challenge, because of the size of the canal, the thin and fragile dentine walls and the large open apex. Apexification is a wellestablished treatment for immature teeth with necrotic pulp 3 . Materials used for apexification and placed into the canal with lentulospiral followed by temporary restoration.
After one week, temporary coronal restoration was removed and repeated copious irrigation was done with 2.5% sodium hypochlorite solution followed by normal saline to remove all the Ca(OH) 2 paste. Canal was dried with sterile paper points and if any exudate was noticed, Ca(OH) 2 paste was re-applied for next one week. A plugger had made manually by heating and rolling with two Protaper gutta percha to condense the MTA at the apical area. A radiograph was taken to confirm that the plugger was at least 3-4 mm short of the apex. The ProRoot MTA (Dentsply) was mixed to a thick creamy consistency with distilled water (3:1) and delivered into the canal with lentulospiral 15 . Then the plugger was inserted in the canal to condense the MTA at the apex with a thickness of at least 3 mm. Correct placement of MTA at apical 3-4 mm area was confirmed by taking an another radiograph. A moist cotton pellet was placed into the chamber and the access was sealed with zinc oxide eugenol cement. After 24 hours, hardness of MTA was checked with a condenser and rest of the canal was sealed with gutta percha and zinc oxide eugenol sealer in vertical compaction technique. The access was sealed using composite resin restoration and a postoperative radiograph was taken. Figure 2 ). The preoperative and 12 months clinical follow up data were analyzed with 'Ztest' which have shown a significant success rate of 92% (Table 3 ). The variables for the clinical evaluation are shown at Table 1 . The PAI scores of the preoperative and last review radiograph were analyzed with 'paired t-test' (P < 0.0001) and the mean PAI was reduced to 1.36 from 3.6. The mean size of the lesion was reduced after 12 months from 3.24mm to 0.68mm ( Figure 4) and prospective studies 10 as a potential material to form an apical barrier instead of multiappointment Ca(OH) 2 apexification procedure. A comparative study 23 showed that clinical and radiographic success rate for MTA was 100% where 87% with Ca(OH) 2 . Also the time taken to complete the treatment and the biological barrier formation in MTA group was significantly less from Ca(OH) 2 group but the healing time for periapical radiolucency was almost identical
24
.
In this study, the clinical and radiological outcome was assessed at 3, 6, 9 and 12 months. At least every 3 months radiographic review is recommended following completion of treatment to identify changes in the periapical area
12
. The PAI score was used to evaluate the periapical health and the healing process because it was considered as the most appropriate of all the evaluation techniques validated in endodontics
17
When an apical lesion was present, its largest dimension was recorded. MTA was extruded beyond apex in 2 cases. In one case having PAI score 4 and 15 mm lesion reduced to 2 mm at 12 months. Placement of the root filling in a canal with an open apical foramen carries the risk of root filling material extrusion. For this reason, placement of an artificial matrix such as resorbable collagen, hydroxyapatite and calcium sulphate are recommended before placing MTA though no matrix was used in this study 25 . MTA place at the cemental limit of the canal showed better result than over filling
19
. A pilot study 12 have shown 94.1% clinical success whereas 76.5% radiologically by using MTA as a apical barrier . Simon 10 have shown healing occuered in 81% cases with MTA apexification and an apical barrier over MTA was distinguishable in 26% cases where the results are about similar to the result of this study. On the other hand, induction of apical hard barrier tissue formation was found histologically in 100% sucess rate in a n animal study treated with MTA
20
. This difference may be due to limited thickness of the dentine bridge that was too thin to be clearly distinguishable radiologically . Ca(OH) 2 Using messing gun with the aid of surgical operating microspoe and radiovisiograpgy is recommended by manufacturer for carried out and condensation of MTA into apical area. Due to limitation of equipment, MTA was carried out in the canal with lentulospiral and condenced apically with a custom made gutta percha plugger in this study. Aminosharia 32 reported that hand condensation resulted in better adaptation and fewer voids than ultrasonic method. In case of a traumatized immature teeth having thin wall, a different obturation technique would be more appropriate to increase the strength of the root canal walls and improve the long-term prognosis of these teeth to prevent cervical root fractures 33 .
The combination of apical MTA and an internal bonded composite (flowable dual cure composite) appears to have a more favorable prognosis than gutta-percha 34 though all the cases of this study were obturated with gutta percha at coronal to MTA plug. 
Conclusion

